A three-year experiment was set up to assess the effect of three mulch types on the growth and yield of 'Polka' autumn fruiting raspberry (Rubus idaeus L.). The experimental arrangement comprised four combinations of two parallel blocks, one of which was a field crop and the second was a covered crop in the form of a high tunnel with raised beds sides. The crop was grown on raised beds (approximately 30 cm high) covered with a mulch made of: 1) polypropylene non-woven (PP); 2) PP with a photodegradant; 3) polylactide nonwoven (PLA). A crop on a raised bed without any mulch was the control. Biometric, physiological and yield parameters were assessed and included the number of canes, plant height, chlorophyll content in the leaves, fruit yield, weight of 20 fruits and the extract content.
INTRODUCTION
Obtaining high-quality fruit and a high yield of raspberries for the dessert fruit market involves the introduction of new cultivation technology, such as covering (covers, tunnels), cultivation on raised bed, mulching, optimal fertilisation and irrigation.
The lack of registered herbicides for dicotyledonous weed control and cost-consuming hand weeding has led to many crop growers introducing different kinds of mulches. They are designed to protect the soil from weeds and reduce moisture loss from the soil. In addition, some studies have shown that the use of herbicides reduces the chlorophyll content and the number of leaves (Freeman et al. 1966) .
Young raspberry plants are especially delicate, therefore it is advisable to eliminate weed competition or the use of chemicals and to give them a favourable microclimate for development through the use of mulches (Trinka and Pritts 1992) . Research on the use of mulches in the cultivation of many species of plants indicates their positive impact on plant growth and yield (Briassoulis 2007, Moreno and Moreno 2008) . Mulching can also be used on plantations of strawberries, raspberries, orchards of fruit trees *Corresponding author.
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and the cultivation of ornamental plants (Siwek and Libik 2012) . Studies have shown that raspberries planted on mulches such as bark, sawdust or paper have a higher efficiency than control plants without the use of a soil cover or black polyethylene mulch (Warmund et al. 1995) . In addition, cultivation on mulch and elevated fields reduces the likelihood of the dangerous root disease Phytophthora, thanks to which such experiments were able to obtain an almost fourfold increase in yield compared to the control without mulches (Heiberg 1999) . The use of mulches made of non-biodegradable materials creates a problem after the cultivation of the crop. The solution may be using new biodegradable and composting materials, produced using plant components such as starch or vegetable oils, which have a similar mechanical strength as conventional film materials (Girgenti et al. 2012) .
The aim of this study was to examine the effectiveness of biodegradable mulches on growing raspberries in the first three years of fruiting, on raised beds in cultivation under covers and without covers.
MATERIAL AND METHODS
The plantation was established in autumn 2010 in the Orchard Department of the Experimental Institute of Horticulture in Brzezna on class III quality soil, defined as average clay. The study was conducted for three years, from 2011 to 2013, on the autumn fruiting raspberry (Rubus idaeus L.) 'Polka'. The experimental arrangement comprised four combinations of two parallel blocks, one of which was a field crop and the second was a covered crop in the form of a high tunnel with raised beds (foil tunnel structure with a width of 4.5 m and a height of 3 m, a film disposed on the belt structure, where the edges reached about 1 m above the ground). Each combination was represented by 20 plants (four replicates of five plants each). The plants were planted in the free standing rows of approximately 70 cm. In autumn all of the canes were cut to a height of 5-10 cm.
In spring 2011 mulches were placed in the rows of plants. In spring 2012 the crops were supplemented with used prototypes of polypropylene non-woven with photodegradant (PP photodegradant) mulch and polylactide non-woven (PLA) mulch. ; 4. the method of planting was on a raised bed without mulch as the control. Every year in the spring compound fertilisers were used in both blocks. Chemical protection was carried out in accordance with the timetable of plant protection. The plots were irrigated using a T-tape irrigation system.
The number of canes and plant height were noted, the chlorophyll content in the leaves was measured, fruit yield from the plot (five plants) and the weight of 20 fruits from each set were determined. Ripe fruit were harvested and divided into commercial and non-commercial (rotten, decaying) yields. Total soluble solids content (°Brix) in fruits was measured two times every season (18, 24.08.2011; 1, 20.08.2012; 5, 19.08.2013 ) using a PR 101refractometer, according to Polish Standard PN -EN 12143: 2000. Measurements of the chlorophyll content in leaves were performed using a SPAD-502 (SPAD units). All results (depending on the year and type of mulch, separately: number of canes, plant height, chlorophyll content in leaves, fruit yield and the weight of 20 fruits) were subjected to an analysis of variance and a Duncan test at a significance level of p = 0.05.
RESULTS
The height of canes differed depending on the growing block; significantly higher plant canes formed under the covers. Plant height differed significantly depending on the year, with the highest canes grown in 2013 and the lowest in 2011. The height of canes also depended on the mulch used; PP photodegradant mulch had the lowest canes and the highest were found in the non-woven fabric with PLA (Tab. 1). The number of canes also differed depending on the year. The plants produced the highest number of canes in 2013 and the lowest in 2011. In the control plants and those under PLA mulch, the number of canes did not differ significantly and was higher compared to the other combinations. Significant differences in the number of canes obtained depended on the method of cultivation; more canes were produced in the plants grown without covers (Tab. 1).
The content of chlorophyll in leaves differed significantly depending on the year; in 2013, the chlorophyll content was the lowest, while it was the highest in 2011. Raspberry leaves cultivated under covers contained more chlorophyll in the leaves compared to the crops without covers. There was no significant difference of chlorophyll content for PP with photodegradant and for PP as well as for the control and for PLA (Tab. 1).
The sum of the marketable yield significantly differed depending on the year. In 2012 the obtained yield was notable highest, and in 2011 it was the lowest (first year of fruiting). The yield obtained on the PP with photodegradant differed significantly from the yield obtained in the control treatment. Quite different yielding results were obtained depending on the method of cultivation, and were higher for plants grown under covers as compared to the plants without covers (Tab. 2).
The sum of the non-commercial yield differed depending on the year. In 2011, there was no noncommercial yield, and in other years, there were no differences. The type of mulch did not have an impact on the amount of non-commercial fruits, although the plants grown on PLA mulch had the smallest non-commercial crop. Cultivation under covers resulted in a markedly lower level of this kind of yield than in cultivation without covers (Tab. 2).
The weight of 20 fruits differed significantly depending on the year of the study. It was the largest in 2011 and in 2013 the weight of 20 fruits was the smallest. Differences in the 20 fruits weight were noted depending on which mulch the plants were grown on. The highest weight of 20 fruits was on PP mulch, although not significantly different from the weight of the fruits grown on the PLA and PP with photodegradant mulch. The smallest mass of fruits was obtained from the control. In addition, cultivation under covers resulted in a higher Table 1 20 fruits weight than those grown without covers (Tab. 2).
In the first period of Brix extract measurement there were significant differences depending on the year. The values were the lowest in 2011 and the highest in 2013. The fruits obtained from PP with photodegradant and PP had the highest Brix content (no significant difference), and the lowest came from the PLA non-woven mulch. Fruits obtained from control had a higher Brix content than fruit cultivated with covers.
In the second measurement period, the highest values of Brix in fruits were obtained in 2013, and the lowest in 2012. Cultivation on the PLA mulch resulted in the highest Brix content in fruits, and the PP with photodegradant mulch had the lowest. Also, in the second measurement period the fruits of covered crops had significantly lower levels of Brix (Tab. 3).
DISCUSSION
In the present research, younger plants produced lower canes and we obtained significantly higher canes for plants under covers, as in the study by Xu et al. (2014) . The highest canes were obtained from soil that was covered for the entire season with PP (155.4 cm) and PLA (156.5 cm) mulches. In cultivation on PP with photodegradant mulch, where the ground cover was low and non-woven fabric was degraded by sunlight, the canes were the lowest (149.8 cm) and were slightly higher in the control (152.2 cm). In Gotame et al. (2013) the canes heights of 'Polka' were 131-147 cm. The positive effect of mulches on the number of canes produced was shown by Trinka and Pritts (1992) , who used the mulches from straw and polyethylene in a year of planting 'Heritage' raspberries, and achieved a higher growth of canes in the first and second year of cultivation. The height of the canes in the first year was 78 cm for the control, 87 cm for black polyethylene mulch and 86 cm for straw.
In the current study, older plants produced more canes than plant in the first years of cultivation. The number of canes in the control and PLA mulch did not differ significantly (9.1 and 8.6, respectively) and was higher than in the combination with PP with photodegradant and PP (7.1 and 6.7, respectively).
This differs from what is described in the literature. In 'Heritage' autumn raspberry cultivation, a 41% greater number of canes was obtained when using black polyethylene and 61% more with straw, as compared to the combination without mulches (Trinka and Pritts 1992) . Similarly, other studies using mulches in blackberry cultivation proved the effectiveness of mulching, where in the first year of the experiment the plots that were mulched had 19.4% more annual canes than those without and about 54% more annual canes in the second year (Rom 2001) .
There were significant differences in the number of canes obtained depending on the method of cultivation: more canes were produced when plants were not covered -8.7 compared to 7.0 for covered. In research by Krawiec et al. (2013) 'Polka' raspberry plants covered by flat covers with PP non-woven had more canes per plants than plants that were not covered.
The content of chlorophyll in leaves differed significantly depending on the crop year; the chlorophyll content was the lowest in 2013 and the highest in 2011. Raspberry leaves contained significantly higher chlorophyll in the leaves (38.9 SPAD units) in cultivation under covers compared to cultivation without covers (36.8 SPAD units). Similarly, in research by Chavarria et al. (2012) , grape leaves grown under covers were characterised by a higher content of chlorophyll compared to the leaves of plants grown without covers -the first Table 1 measurement by 41.1% and the second by 36.17%. In a study by Nair (2012), lettuce grown under covers in plots covered with black mulch had lower chlorophyll content in leaves (27.9 SPAD units) than uncovered plots (29.4 SPAD units). The opposite results were obtained in the present experiment. We found lower levels of chlorophyll in the leaves of raspberries grown in the control (36.9 SPAD units), and higher levels in the leaves of raspberries grown in mulch, with the highest value found for PP mulch (38.6 SPAD units).
The sum of the non-commercial yield was low in all of the years of the research and the differences between the combinations were insignificant. The sum of the marketable yield significantly differed depending on the year. The highest marketable yield was obtained in the second year of the study, in 2012 (7.4 kg per five plants) and the lowest in the first, 2011 (4.5 kg per five plants). The average commercial yield of the three years of research was the lowest in PP with photodegradant (5.7 kg per five plants), while the control had the highest (6.4 kg per five plants). Additional data is described in the literature. In the experiment with mulching blackberry, Rom (2001) showed that mulched plots produced an average of 11% more than the total yield in the first year of fruiting and more significantly 43% more in the second year, compared with non-mulched plots. In this study, we obtained significantly different yielding results depending on the method of cultivation; it was higher in the cultivation under tunnel (6.9 kg per five plants) compared to plants in the field (5.3 kg per five plants). Growing raspberry plants under a tunnel resulted in more favourable growth conditions, allowing higher yielding. In Xu at el. (2014) for 'Polka', a high tunnel increased yield by 56.6% compared to an umbrella-like structure, and 2.3 times compared to the yield measured in the open field. Reflective mulch significantly increased yield by 13.6%, 14.8% and 29.5%, respectively, under high tunnel, umbrella-like structure and open field.
The weight of 20 fruit differed significantly depending on the year. The highest weight of 20 fruit (90.3 g) was found for the first year of the study, in 2011, while the lowest (57.7 g) was in 2013. Significant differences in 20 fruit weight were found for the type of mulch used. The highest average 20 fruit weight of the three years of research was on PP mulch (73.5 g), although it was not significantly different from the weight of the fruit on the PP with photodegradant and PLA mulches (72.0 and 73.1 g, respectively). The lowest 20 fruit weight was found for the control (70.0 g). The data in the literature suggest that the use of crop mulches always increases the size of the fruit. Rom (2001) reports that in the first year of the study there were similar results in the combination with mulching and without mulching, but in the next year there were already significantly higher amounts of fruit in the plots with mulching. In the study by Mladin et al. (2008) , the weight of raspberry fruit of the 'Polka' cultivar with conventional tillage (flat ground, without mulching) was only 66.6 g.
In this study, cultivation under tunnels resulted in a higher 20 fruit weight than those grown without covers. Other results were obtained in Xu et al. (2014) study. It was no statistical differences in fruit weight obtained under tunnel umbrella-like structure compared with fruits from open field.
In the first period of Brix measurements there were significant differences depending on the year. 2011 was the lowest (9.5°Brix) and 2013 was the highest (11.3°Brix). In cultivation on mulch the highest Brix content in fruit was obtained from cultivation on PP non-woven with photodegradant (10.5°Brix), and the lowest for PLA non-woven (10.1°Brix). The field plots had higher Brix content in fruits (10.9°Brix) compared to the covered ones (9.7°Brix). In the second period of measurement of Brix in fruit, the highest Brix values were obtained in 2013 (12.3°Brix) and the lowest in 2012 (10.0°Brix). In cultivation using PLA, Brix content in fruits was the highest (11.0°Brix), and PP with photodegradant had the lowest (10.8°Brix). In addition, fruits from covered plots had a significantly lower level (10.3°Brix) compared to fruits from uncovered plots (11.5°Brix) in the second period of measurements.
In conventional tillage, which is essentially flat without covers and without the use of mulches, fruit of the 'Polka' cultivar grown in Serbia had 14.0-14.4°Brix, depending on the year (Milivojević et al. 2011) , Romania had 11.7°Brix (Mladin et al. 2008) , and in Poland fruit of the 'Polka' cultivar had 9.8-9.9°Brix (Skupień et al. 2011), or 11.4°Brix (Danek and Markowski 2003) .
CONCLUSIONS
1. The numbers of canes that grew on the control and PLA mulches were significantly higher than those for PP with photodegradant and PP. 2. Cultivation on PP, PLA and PP with photodegradant mulch resulted in higher leaf chlorophyll content and a significant increase in the mass of 20 raspberry fruit as compared to the control combination. 3. The highest marketable yield was obtained in the control combination but similar level of the yield was found for PP and PLA mulches. It was significantly higher in cultivation under the tunnel.
